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1 

DESCRIPTION 

t 

SEMICONDUCTOR FILM MANUFACTURING METHOD AND 
SUBSTRATE MANUFACTURING METHOD 

5 

TECHNICAL FIELD 

The present invention relates to a semiconductor 
film manufacturing method using a separation step and 
applications thereof, 

10 

BACKGROUND ART 

A method is described in patent references 1 to 3 
and non-patent references 1 to 3, in which a GaN layer 
is epitaxially grown on an A1 2 0 3 substrate, and the back 
15 surface of the A1 2 0 3 substrate is irradiated with a 

pulse laser to decompose GaN near the interface between 
the A1 2 0 3 substrate and the GaN layer, thereby 
separating the GaN layer from the A1 2 0 3 substrate (this 
method will be referred to as a laser lift-off method 
20 hereinafter) • 

[Patent Reference 1] U.S. Patent No. 6,559,075 
[Patent Reference 2] U.S. Patent No. 6,071,795 
[Patent Reference 3] Japanese Patent No. 3518455 
[Non-Patent Reference 1] O. Ambacher et al. , Materials 
25 Research Society Symposium, Vol. 617 (2000), 
pp. J1.7.1-J1.7.12 

[Non-Patent Reference 2] W.S. Wong et al . , Applied 
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Physics Letters. Vol. 75, No. 10, 6 September 1999, 
pp. 1360-1362 

[Non-Patent Reference 3] D. Morlta et al., Japanese 
Journal of Applied Physics, Vol. 41 (2002), 
5 pp. L1434-L1436 

In the laser lift-off method, when the GaN layer 
is separated by pulse laser irradiation, the A1 2 0 3 
substrate can crack due to the pressure of N 2 gas 
generated by decomposition of GaN. This can cause 
10 damage such as microcracks to the GaN layer. The 

microcracks cause degradation in characteristic or a 
decrease in yield of devices formed later in the 
damaged GaN layer. 

In the laser lift-off method, separation takes a 
15 long time because the whole surface of the substrate 
must be scanned by the pulse laser. 

In the laser lift-off method, a three-dimensional 
pattern as a trace of pulse laser scanning is generated 
on the separated surface of the GaN layer. To remove 
20 this three-dimensional pattern., an additional step such 
as polishing is necessary. This makes the operation 
cumbersome. In addition, the increase in number of 
manufacturing steps can lead to a decrease in yield. 

In the laser lift-off method, the substrate used 
25 to grow a semiconductor film is limited to a 

transparent substrate such as an Al^ substrate that 
passes a laser beam. It is hence difficult to apply a 
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nontransparent substrate such as an SiC substrate, GaAs 
substrate, or Ge substrate . 

As described above, to introduce tlie substrate 
separation method by the laser lift-off method to mass 
5 production of semiconductor devices, still more 

technological development to, e.g., increase the yield 
has been demanded. 

DISCLOSURE OF INVENTION 

10 The present invention has been made in 

consideration of the above-described problems, and has 
as its object to provide a semiconductor film 
manufacturing method using a new separation technique 
and applications thereof. 

15 According to the first aspect of the present 

invention, there is provided a method of manufacturing 
a semiconductor film separated from a seed substrate, 
comprising a separation layer forming step of 
hetero-epitaxially growing a separation layer on the 

20 seed substrate, a semiconductor film forming step of 
forming a semiconductor film on the separation layer, 
and a separation step of separating, by using the 
separation layer, the semiconductor film from a 
composite member formed in the semiconductor film 

25 forming step. 

According to the preferred embodiment of the 
present invention, in the separation layer forming 
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step, a layer configured to generate a strain energy in 
the separation layer, and/or an interface between the 
separation layer and the semiconductor film, and/or the 
interface between the separation layer and the seed 
5 substrate is preferably formed as the separation layer. 
According to the preferred embodiment of the 
present invention, in the separation layer forming 
step, the separation layer is preferably formed by 
using a material having a lattice constant and/or 
10 thermal expansion coefficient different from the seed 
substrate. 

According to the preferred embodiment of the 
present invention, in the separation step, the 
semiconductor film is preferably separated from the 
15 composite member by applying a force to the composite 
member. 

According to the preferred embodiment of the 

present invention, the seed substrate preferably has a 

single-crystal structure. 
20 According to the preferred embodiment of the 

present invention, in the separation layer forming 

step, a separation layer having a crystal structure is 

preferably formed. 

According to the preferred embodiment of the 
25 present invention, in the separation layer forming 

step, a separation layer having a microcrystal 

structure is preferably formed. 
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According to the preferred embodiment of the 
present invention r in the semiconductor film forming 
step, a semiconductor film having a single -crystal 
structure is preferably formed. 
5 According to the preferred embodiment of the 

present invention, in the separation step, preferably, 
a crack spreading in a planar direction of the seed 
substrate is generated in the separation layer, and/or 
an interface between the separation layer and the 
10 semiconductor film, and/or the interface between the 

separation layer and the seed substrate to separate the 
semiconductor film from the composite member. 

According to the preferred embodiment of the 
present invention, the seed substrate is preferably 
15 made of a materiel selected from the group consisting 
of A1 2 0 3 , SiC, GaAs, InP, Ge, and Si. 

According to the preferred embodiment of the 
present invention, in the separation layer forming 
step, a separation layer made of a compound 
20 semiconductor is preferably formed. 

According to the preferred embodiment of the 
present invention, in the separation layer forming 
step, a separation layer made of a material selected 
from the group consisting of GaN, InGaN, AlGaN, A1N, 
25 AlAs, AlGaAs , InGaAs, InAlAs, InGaAlP, InGaAsP, and 
InGaP is preferably formed. 

According to the preferred embodiment of the 
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present Invention, ±n the semiconductor film forming 
step, a semiconductor film made of a material selected 
from the group consisting of GaN, GaAs, InP, AlGaAs, 
InGaN, AlGaN, A1N , AlAs, InGaAs, InAlAs, InGaAlP, 
5 InGaAsP, and InGaP is preferably formed. 

According to the preferred embodiment of the 
present invention, the semiconductor film forming step, 
the semiconductor film is preferably formed by 
epitaxial growth* 

10 According to the preferred embodiment of the 

present invention, preferably, the seed substrate is 
made of one of A1 2 0 3 and SiC, and the separation layer 
is made of a material selected from the group 
consisting of GaN, InGaN, AlGaN, and A1N. 

15 According to the preferred embodiment of the 

present invention, preferably, the seed substrate is 
made of a material selected from the group consisting 
of GaAs, InP, and Ge, and the separation layer is made 
of a material selected from the group consisting of 

20 AlGaAs, InGaAs, InAlAs, InGaAlP, InGaAsP , and InGaP. 

According to the preferred embodiment of the 
present invention, the manufacturing method preferably 
further comprises a step of forming, between the seed 
substrate and the separation layer, a separation 

25 assisting layer by using a material to be selectively 
etched with respect to the substrate and the separation 
layer ♦ 
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According to the preferred embodiment of the 
present invention, the manufacturing method preferably 
further comprises a step of forming a separation 
assisting layer between the seed substrate and the 
5 separation layer, the separation assisting layer 

containing Al in a larger amount than layers in contact 
with the separation assisting layer. 

According to the preferred embodiment of the 
present invention, the manufacturing method preferably 
10 further comprises a step of forming a separation 

assisting layer between the seed substrate and the 
separation layer, the separation assisting layer being 
made of a material which satisfies AlGa^As (x > 0.95). 
According to the preferred embodiment of the 
15 present invention, the manufacturing method preferably 
further comprises, before the separation step, a step 
of etching a periphery of the separation assisting 
layer. 

According to the preferred embodiment of the 
20 present invention, in the separation step, a fluid is 
preferably blown to or near the separation layer on a 
side surface of the composite member . 

According to the preferred embodiment of the 
present invention, preferably, the manufacturing method 
25 further comprises, after the semiconductor film forming 
step before the separation step, a bonding step of 
bonding the seed substrate with the separation layer 
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and the semiconductor film to a handle substrate while 
setting the separation layer inside, and in the 
separation step, the semiconductor film is separated, 
together with the handle substrate by using the 

5 separation layer, from the composite member formed in 
the bonding step. 

According to the preferred embodiment of the 
present invention, the manufacturing method preferably 
further comprises a step of forming a semiconductor 

10 device on the semiconductor film. 

According to the preferred embodiment of the 
present invention, the device forming step can be 
executed either before the bonding step or after the 
separation step. 

15 According to the preferred embodiment of the 

presen t invention, preferably, the seed substrate 
remaining after the separate step is recycled, i.e., 
another semiconductor film is manufactured by further 
executing the separation layer forming step and 

20 subsequent steps by using the seed substrate remaining 
after the separation step as a raw material. 

According to the second aspect of the present 
invention, there is provided a method of manufacturing 
a substrate having a semiconductor film, characterized 

25 by comprising a separation layer forming step of 

hetero-epitaxially growing a separation layer on a seed 
substrate , a semiconductor film forming step of forming 
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a semiconductor film on the separation layer, a bonding 
step of bonding the seed substrate with the separation 
layer and the semiconductor film to a handle substrate 
while setting the separation layer inside, and a 
5 separation step of separating the semiconductor film, 
together with the handle substrate by using the 
separation layer, from a composite member formed in the 
bonding step to obtain a substrate having the 
semiconductor film on the handle substrate. 

10 According to the pref erred embodiment of the 

present invention, the manufacturing method can further 
comprise a device forming step of forming a 
semiconductor device in the semiconductor film. The 
device forming step can be executed either before the 

15 bonding step or after the separation step* 

The semiconductor device can include , e.g., a 
light-emitting diode or a laser. 

According to the present invention, a 
semiconductor film manufacturing method using a new 

20 separation technique and applications thereof can be 
provided. According to the present invention, for 
example, a rarely damaged semiconductor film or a 
substrate having the semiconductor film can be 
manufactured, and/ or the yield can be increased, and/or 

25 the throughput can be increased, and/or the degree of 
freedom in handle substrate selection can be increased. 
Other features and advantages of the present 
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invention will be apparent from the following 
description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 
the same or similar parts throughout the figures' 
5 thereof . 

BRIEF DESCRIPTION OF DRAWINGS 
The accompanying drawings , which are incorporated 
in and constitute a part of the specification, 
10 illustrate embodiments of the invention and, together 
with the description, serve to explain the principles 
of the invention. 

Figs. 1A to ID are views schematically showing a 
method of separating a semiconductor film from a 
15 substrate; 

Figs. 2A to 2D are views schematically showing a 
method of manufacturing a substrate having a 
semiconductor film; 

Figs. 3A to 3E are views schematically showing a 
20 method of manufacturing a semiconductor film having a 
semiconductor device or a substrate; 

Figs. 4A to 4D are views schematically showing a 
method of manufacturing a substrate (or semiconductor 
device) including a step of separating a semiconductor 
25 film by using a separation assisting layer; 

Figs. 5 A to 5C are views schematically showing a 
method of manufacturing a substrate (or semiconductor 
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device) including a step of separating a semiconductor 
film by using a separation assisting layer; and 

Fig. 6 is a table showing the reflectances of 
metal thin films. 

5 

BEST MODE FOR CARRYING OUT THE INVENTION 
The preferred embodiments of the present 
invention will be described below in detail with 
reference to the accompanying drawings. 
10 t First Embodiment (Separation Method)] 

As the first embodiment of the present invention, 
a method of separating a semiconductor film from a 
substrate or a method of manuf acturing a semiconductor 
film separated from a substrate will be described 
15 below. Figs. 1A to ID are views schematically showing 
a method of separating a semiconductor film from a 
substrate or method of manufacturing a semiconductor 
film separated from a substrate. 

In the separation layer forming step shown in 
20 Fig. 1A, on a seed substrate 1 such as a Ge substrate 
having crystallinity, a semiconductor film having a 
lattice constant different from the seed substrate 1, 
and for example, a separation layer 2 made of AlAs or 
InGaAs is hetero-epitaxially grown. 
25 In the semiconductor film forming step shown in 

Fig. IB, a semiconductor film 3 made of GaAs is formed 
on the separation layer 2 to form a composite member la 
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including the substrate 1, separation layer 2, and 
semiconductor film 3. At this time, a semiconductor 
device can be formed in the semiconductor film 3- 
In the separation step shown in Fig. 1C, the 

5 semiconductor film 3 is separated from the composite 
member la by using the separation layer 2. The 
semiconductor film 3 can be separated by, e.g., forming 
a crack spreading in the planar direction of the 
composite member la in the separation layer 2, and/or 

10 the interface between the separation layer 2 and the 

semiconductor film 3, and/or the interface between the 
separation layer 2 and the substrate 1- Fig. 1C 
schematically shows a state in which the semiconductor 
film 3 is separated from the composite member la by 

15 forming a crack c along the planar direction of the 
composite member la in the interface between the 
separation layer 2 and the substrate 1. 

For example, the separation layer 2 made of 
InGaAs having a lattice constant and/or thermal 

20 expansion coefficient different from the substrate 1 is 
hetero-epitaxially grown on the seed substrate 1 such 
as a Ge substrate having crystallinity. The 
semiconductor film 3 made of GaAs is formed on the 
separation layer 2. In this case, a strain energy 

25 caused by mismatch between the lattice constants and/or 
thermal expansion coefficients can intensively be 
generated in the separation layer 2, and/ or the 
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Interface between the separation layer 2 and the 
semiconductor film 3, and/or the interface between the 
separation layer 2 and the substrate 1* After that, an 
external force (separation inducing force) to induce 
5 separation is applied to the whole or part (e.g., in 
the separation layer 2, and/or the interface between 
the separation layer 2 and the semiconductor film 3, 
and/or the interface between the separation layer 2 and 
the substrate 1) of the composite member (composite 

10 substrate) la. The semiconductor film 3 can be 

separated from the composite member la by using the 
strain energy generated in the composite member la. 
When the separation inducing force is applied to the 
whole or part of the composite member la, a crack can 

15 selectively be formed in a portion which has the strain 
energy two-dimensionally distributed along the planar 
direction of the composite member la (or semiconductor 
film 3 , separation layer 2 , and seed substrate 1 ) . The 
separation inducing force need not always continuously 

20 be applied until the semiconductor film 3 is completely 
separated from the composite member la. Once a crack 
is partially formed in the composite member la, a new 
strain energy is generated by the partial crack even 
when the external force application is stopped. With 

25 the strain energy, the crack can spread in a 

self-prompting manner to completely separate the 
semiconductor film 3 from the composite member. 
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The separation layer 2 is provided between the 
seed substrate 1 and the semiconductor film 3 to be 
separated from the seed substrate 1. With this 
structure, the semiconductor film 3 can be separated 
5 from the substrate 1 by. forming the crack only in the 
separation layer 2, and/or the interface between the 
separation layer 2 and the semiconductor film 3 r and/ or 
the interface between the separation layer 2 and the 
substrate 1 without greatly damaging the semiconductor 
10 film 3. 

The seed substrate 1 is preferably made of a 
material having a single-crystal structure. In 
addition to the Ge substrate , a substrate made of, 
e.g., A1 2 0 3 , SiC, GaAs, InP, or Si is preferable. 

15 The separation layer 2 should be made of a 

material having a lattice constant and/ or thermal 
expansion coefficient different from the seed substrate 
1. In addition to InGaAs, a compound semiconductor 
material such as GaN, InGaN, AlGaN, A1N, AlAs, AlGaAs , 

20 InAlAs, InGaAlP, InGaAsP, or InGaP is preferable. 

For the semiconductor film 3, in addition to 
GaAs, a compound semiconductor material such as GaN, 
AlGaAs, InP, InGaN, AlGaN, A1N, AlAs, InGaAs, InAlAs, 
InGaAlP, InGaAsP, or InGaP is preferably used. 

25 In the separation step of separating the 

semiconductor film from the composite member, 
preferably, a fluid W is blown to or near the 
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separation layer 2 and Injected into the separation 
layer 2, and/or the interface between the separation 
layer 2 and the semiconductor film 3, and/ or the 
interface between the separation layer 2 and the 
5 substrate 1 to f orm a crack in the injected portion of 
the composite member la, thereby separating the 
semiconductor film* 

The AlAs epitaxial growth layer as an example of 

7 

the separation layer has 10 times higher selective 

10 etching characteristics than the GaAs layer as an 
example of the semiconductor film. When the fluid 
introduced portion is formed by using the 
characteristics, the separation start position can more 
reliably be limited to the separation layer or its 

15 interface. 

According to the separation method by injecting 
the fluid W, a crack can be formed in the separation 
layer 2, and/or the interface between the separation 
layer 2 and the semiconductor film 3, and/ or the 

20 interface between the separation layer 2 and the 

substrate 1 by the energy of Injection of the fluid W 
and the strain energy which is generated in the 
separation layer 2, and/ or the interface between the 
separation layer 2 and the semiconductor film 3, and/or 

25 the interface between the separation layer 2 and the 
substrate 1 due to mismatch between the lattice 
constants eind/or thermal expansion coefficients. The 
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crack can be spread in the planar direction. 

In the semiconductor film separation step, as 
shown in Fig. ID, the fluid W is blown to or near the 
separation layer 2 while the composite member la is 
5 rotated about an axis almost perpendicular to the 
planar direction. In this case, separation can 
progress spirally from the periphery to center of the 
substrate 1. 

As the fluid, a gas such as air, inert gas, or 

10 etching gas can be used as well as a liquid such as 
water. Instead of blowing the fluid to or near the 
separation layer 2 of the composite member, the 
composite member may be placed in a chamber and applied 
a pressure by a fluid. 

15 According to the method of the above -described 

preferred embodiment of the present invention, damage 
to the semiconductor film 3 and seed substrate 1 in 
separation largely decreases as compared to the laser 
lift-off method. Hence, a semiconductor device having 

20 good characteristics can be formed on the semiconductor 
film 3. 

According to the method of the preferred 
embodiment of the present invention, after the 
semiconductor film 3 is separated, the seed substrate 1 
25 can be recycled as a raw material. That is, when the 
separation layer forming step, semiconductor film 
forming step, and separation step are repeatedly 
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executed a plurality of number of times by using the 
seed substrate 1 after separation as a raw material, 
the semiconductor substrate manufacturing cost can 
largely be reduced. 
5 According to the method of the preferred 

embodiment of the present invention, not only a 
transparent substrate but also a nontransparent 
substrate can be used as the seed substrate 1. 
[Second Embodiment (Substrate Manufacturing Method)] 

10 As the second embodiment of the present 

invention, a method of manufacturing a substrate having 
a semiconductor film will be described below- Figs- 2 A 
. to 2D are views schematically showing a method of 
manufacturing a substrate having a semiconductor film. 

15 In the step shown in Fig. 2A (separation layer 

forming step and semiconductor film forming step), on a 
first substrate (seed substrate) 4 such as a Ge 
substrate having crystallinity, a semiconductor film 
having a lattice constant different from the first 

20 substrate 4, and for example, a separation layer 5 made 
of InGaAs is hetero-epitaxially grown. A semiconductor 
film 6 made of GaAs is formed on the separation layer 
5. 

In the bonding step shown in Fig. 2B, the first 
25 substrate 4 is bonded to a second substrate (handle 

substrate) 7 such as an Si substrate while setting the 
semiconductor film 6 inside to form a composite member 
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< composite substrate) 8. In this bonding, when a metal 
film is. formed on each bonding interface, and the metal 
surfaces are bonded to each other, limitations on the 
pressure and temperature necessary for bonding can be 
5 relaxed. The metal layer can suitably be used as a 

bonding material and also serves as a light reflecting 
layer which contributes to improvement of device 
performance . 

In the separation step shown in Fig. 2C, a crack 
10 spreading in the planar direction is formed in the 
separation layer 5, and/or the interface between the 
separation layer 5 and the semiconductor film 6, and/or 
the interface between the separation layer 5 and the 
first substrate 4 of the composite member 8 to separate 
15 the semiconductor film 6 and second substrate 7 from 
the composite member 8. With the above step, the 
semiconductor film 6 is transferred from the first 
substrate 4 to the second substrate 7. A substrate 9 
having the semiconductor film 6 on the second substrate 
20 7 is obtained, as shown in Fig. 2D. The method 

described in. e.g.. the first embodiment can be applied 
to this separation. 

For example, the separation layer 5 made of 
InGaAs having a lattice constant and/or thermal 
25 expansion coefficient different from the first 

substrate 4 is hetero-epitaxially grown on the first 
substrate (seed substrate) 4 such as a Ge substrate 
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having crystallinity . The semiconductor film 6 made of 
GaAs is formed on the separation layer 5. The first 
substrate 4 is bonded to the second substrate (handle 
substrate) 7 made of Si while setting the semiconductor 
5 film 6 inside to form the composite member 8. A strain 
energy caused by mismatch between the lattice constants 
and/or thermal expansion coefficients can intensively 
be generated in the separation layer 5, and/or the 
interface between the separation layer 5 and the 
10 semiconductor film 6, and/or the interface between the 
separation layer 5 and the first substrate 4. After 
that, a separation inducing force is applied to the 
whole or part (e.g., in the separation layer 5, and/ or 
the interface between the separation layer 5 and the 
15 semiconductor film 6 , and/or the interface between the 
separation layer 5 and the first substrate 4) of the 
composite member 8. The semiconductor film 6 and 
second substrate 7 can be separated from the composite 
member 8 by using the strain energy generated in the 
20 composite member 8. 

The first substrate (seed substrate) 4 is 
preferably made of a material having a single-crystal 
structure. In addition to the Ge substrate, a 
substrate made of, e.g., A1 2 0 3 , SiC, GaAs, InP, or Si is 
25 preferable. 

The separation layer 5 should be made of a 
material having a lattice constant and/or thermal 
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expansion coefficient different from the first 
substrate 4. In addition to InGaAs, a compound 
semiconductor material such as GaN, InGaN, AlGaN, A1N, 
AlAs, AlGaAs, InAlAs, InGaAlP, InGaAsP, or InGaP is 
5 preferable. 

For the semiconductor film 6, in addition to 
GaAs , a compound semiconductor material such as GaN, 
AlGaAs, InP, InGaN, AlGaN, A1N, AlAs, InGaAs, InAlAs, 
InGaAlP, InGaAsP, or InGaP is preferably used. 
10 As the second substrate 7. in addition to the 

semiconductor substrate of Si, a metal substrate made 
of Al, Cu, or Cu-W, an insulating substrate made of 
glass, or a flexible substrate made of plastic is 
preferable . 

15 in the step of separating the semiconductor film 

and second substrate from the composite member, 
preferably, a fluid (liquid or gas) W is blown to or 
near the separation layer 5 and injected into the 
separation layer 5, and/or the interface between the 

20 separation layer 5 and the semiconductor film 6, and/ or 
the interface between the separation layer 5 and the 
first substrate 4 to form a crack in the injected 
portion of the composite member, thereby separating the 
semiconductor film. 

25 [Third Embodiment (Semiconductor Device Manufacturing 

Method) ] 

As the third embodiment of the present invention. 
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a method of manufacturing a semiconductor film having a 
semiconductor device or a substrate will be described 
below . Figs. 3A to 3E are views schematically showing 
a method of manufacturing a semiconductor film having a 

5 semiconductor device or a substrate. 

In the step shown in Fig. 3A (separation layer 
forming step and semiconductor film forming step) , on a 
first substrate (seed substrate) 10 such as a Ge 
substrate having crystallinity , a semiconductor film 

10 having a lattice constant different from the first 

substrate 10, and for example, a separation layer 11 
made of InGaAs is hetero-epitaxially grown. A 
semiconductor film 12 made of GaAs is formed on the 
separation layer 11. 

15 in the semiconductor device forming step shown in 

Fig. 3B, a semiconductor device 13 such as an LED is 
formed in the semiconductor film 12. Typically, in the 
semiconductor device forming step, instead of forming a 
single semiconductor device, a semiconductor circuit 

20 including a plurality of semiconductor devices and 
interconnections to connect them can be formed. 

In the bonding step shown in Fig. 3C, the first 
substrate 10 is bonded to a second substrate (handle 
substrate) 14 such as an Si substrate while setting the 

25 semiconductor film 12 inside to form a composite member 
(composite substrate) 15. 

In the separation step shown in Fig. 3D, a crack 
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spreading in the planar direction is formed in the 
separation layer 11, and/or the interface between the 
separation layer 11 and the semiconductor film 12, 
and/or the interface between the separation layer 11 
5 and the first substrate 10 of the composite member 15 
to separate the semiconductor film 12 having the 
semiconductor device 13 and the second substrate 14 
from the composite member 15. With the above step, the 
semiconductor film 12 having the semiconductor device 

10 13 is transferred from the first substrate (seed 
substrate) 10 to the second substrate (handle 
substrate) 14. A substrate (or semiconductor device) 9 
having, on the second substrate 14, the semiconductor 
film 12 with the semiconductor device 13 formed on it 

15 is obtained, as shown in Fig. 3E. The method described 
in, e.g., the first embodiment can be applied to this 
separation. 

After the semiconductor device 13 is formed in 
the semiconductor film 12, the first substrate 10 is 

20 bonded to the second substrate 14. Alternatively, 

after the semiconductor film 12 is transferred from the 
first substrate 10 to the second substrate 14 by 
separation, the semiconductor device 13 may be formed 
on the transferred semiconductor film 12. 

25 For example, the separation layer 11 made of 

InGaAs having a lattice constant and/or thermal 
expansion coefficient different from the first 
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substrate 10 is hetero-epitaxially grown on the first 
substrate (seed substrate) 10 such as a Ge substrate 
having crystallinity . The semiconductor film 12 made 
of GaAs is formed on the separation layer 11. The 
5 semiconductor device 13 such as an LED is formed in the 
semiconductor film 12. The first substrate (seed 
substrate) 10 is bonded to the second substrate (handle 
substrate) 14 made of Si while setting the 
semiconductor film 12 inside to form the composite 
10 member 15. A strain energy caused by mismatch between 
the lattice constants and/or thermal expansion 
coefficients can intensively be generated in the 
separation layer 11, and/or the interface between the 
separation layer 11 and the semiconductor film 12, 
15 and/or the interface between the separation layer 11 
and the first substrate 10. After that, a separation 
inducing force is applied to the whole or part (e.g., 
in the separation layer 11, and/ or the interface 
between the separation layer 11 and the semiconductor 
20 film 12, and/or the interface between the separation 
layer 11 and the first substrate 10) of the composite 
member 15. The semiconductor film 12 and second 
substrate 14 can be separated from the composite member 
15 by using the strain energy generated in the 
25 composite member 15. 

The first substrate (seed substrate) 10 is 
preferably made of a material having a single -crystal 
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structure. In addition to the Ge substrate, a 
substrate made of, e.g., A1 2 0 3 , SiC, GaAs, InP, or Si is 
preferable. 

The separation layer 11 should be made of a 
5 material having a lattice constant and/or thermal 
expansion coefficient different from the first 
substrate 10. In addition to InGaAs, a compound 
semiconductor material such as GaN, InGaN, AlGaN, A1N, 
AlAs, AlGaAs , InAlAs, InGaAlP, InGaAsP, or InGaP is 

1 0 pr ef erable . 

For the semiconductor film 12 , in addition to 
GaAs, a compound semiconductor material such as GaN, 
AlGaAs, InP, InGaN, AlGaN, A1N, AlAs, InGaAs, InAlAs, 
InGaAlP , InGaAsP , or InGaP is preferably used. 

15 As the semiconductor device 13, a light -emit ting 

device such as an LED (Light -Emitting Diode) or laser, 
a liglit -receiving device to detect radiation such as 
X-rays, a photoelectric conversion device such as a 
solar cell, or a device such as a transistor, diode, or 

20 capacitor is preferable. The forming step (fig. 3B) of 
the semiconductor device 13 preferably includes a step 
of forming an insulating layer to cover the 
semiconductor device and a step of planarizing the 
insulating layer. 

25 As the second substrate (handle substrate) 14, in 

addition to the semiconductor substrate of Si, a metal 
substrate made of Al or Cu, an insulating substrate 
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made of glass, or a flexible substrate made of plastic 
is preferable. 

Preferably, a driving circuit to drive the 
semiconductor device 13 is formed on the second 
5 substrate 14, and/or the second substrate 14 is a 
printed circuit board on which a circuit pattern is 
formed. In this case, the connection electrode of the 
circuit including the semiconductor device 13 is 
electrically connected to the connection electrode of 

10 the driving circuit of the second substrate or the 
connection electrode of the printed circuit board. 

In the step of separating the semiconductor film 
and second substrate from the composite member, 
preferably, a fluid (liquid or gas) W is blown to or 

15 near the separation layer 11 and injected into the 

separation layer 11, and/ or the interface between the 
separation layer 11 and the semiconductor film 12, 
and/or the interface between the separation layer 11 
and the first substrate 10 to form a crack in the 

20 injected portion of the composite member, thereby 
separating the semiconductor film. 
[Examples] 

Detailed examples of the present invention will 
be described below. The present invention is not 
25 limited to these examples. 
[Example U 

An InGaAs layer 2 (thickness: 10 nm) is 
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hetero-epitaxially grown on a Ge substrate (seed 
substrate) 1 by MOCVD (Fig. 1A) . A GaAs layer 3 
(thickness: 200 jun) is epitaxially grown on the InGaAs 
layer 2 to form a composite member la (Fig. IB). 
5 A separation Inducing force is applied from the 

side surface of the composite member la to the InGaAs 
layer 2. More specifically, a so-called water jet W to 
blow pure water pressurized to several MPa to 100 MPa 
from a thin nozzle with a diameter of 0.1 mm is blown 

10 to or near the side surface of the InGaAs layer 2. 
With this process, a crack spreading in the planar 
direction is formed in the InGaAs layer 2, and/ or the 
interface between the InGaAs layer 2 and the GaAs layer 
3, and/or the interface between the InGaAs layer 2 and 

15 the Ge substrate 1 so that the GaAs layer 3 can be 

separated from the composite member la (Ge substrate 1) 
(Fig. 1C). 

The separated Ge substrate can repeatedly be used 
by executing a planarization process such as polishing 
20 or etching for its surface as needed. 
[Example 2] 

An InGaAs layer 5 (thickness: 10 nm) is 
hetero-epitaxially grown on a Ge substrate (seed 
substrate) 4 by MOCVD. A GaAs layer 6 (thickness: 3 
25 (im) is epitaxially grown on the InGaAs layer 5 
(Fig. 2A). 

The Ge substrate 4 is bonded to an Si substrate 
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(handle substrate) 7 while setting the GaAs layer 6 
inside to form a composite member 8 (Fig. 2B). Before 
bonding, a Cr film (thickness: 10 nm) and Au film 
(thickness: 200 nm) (neither are shown) are 

5 sequentially formed on each of the surfaces of the GaAs 
layer 6 and Si substrate 7. When the Au films on the 
surfaces are brought into tight contact with each other 
and heated under pressure, the composite member 8 
having a sufficient bonding strength can be obtained. 

10 A separation inducing force is applied from the 

side surface of the composite member 8 to the InGaAs 
layer 5. More specifically, a so-called water jet W to 
blow pure water pressurized to several MPa to 100 MPa 
from a thin nozzle with a diameter of 0.1 mm is blown 

15 to or near the side surface of the InGaAs layer 5. 
With this process, a crack spreading in the planar 
direction is formed in the InGaAs layer 5, and/or the 
interface between the InGaAs layer 5 and the GaAs layer 
6, and/or the interface between the InGaAs layer 5 and 

20 the Ge substrate 4 so that the GaAs layer 6 can be 

separated from the composite member 8 (Ge substrate 4) 
la (Fig. 2C). 

With this process, a semiconductor substrate 9 
having the GaAs layer 6 on the metal layer (not shown) 

25 on the Si substrate 7 is obtained. 

The separated Ge substrate can be recycled. When 
a planarization process such as polishing or etching is 
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executed for the surface of the separated Ge substrate 
as needed, the Ge substrate can repeatedly be used. 

In th±s example, the separation layer having the 
strain energy is formed from the single InGaAs layer. 
5 The separation layer can also be formed from a 

plurality of layers having different In compositions . 

For example, an InGaAs layer having a composition 
ratio higher than 1% has a lattice constant larger than 
a Ge substrate. To the contrary, an InGaAs layer 

10 having a composition ratio equal to or lower than 1% 

has a lattice constant smaller than a Ge substrate and 
can therefore have both tensile strain and compression 
strain. Even when a composition material such as InGaP 
or InGaAsP is used in place of InGaAs, the component 

15 and magnitude of strain can be controlled. 

The GaAs layer and Si substrate are bonded 
through the Au films. However, the GaAs layer and Si 
substrate can also be bonded directly by executing 
sputter cleaning on their surfaces in a vacuum state, 

20 bringing them into tight contact, and applying 
pressure . 
[Example 3] 

In this example, a method using a separation 
assisting layer to further facilitate separation will 
25 be described. 

An AlAs layer 18 (thickness: 50 nm), InGaAs layer 
19 (In composition: 0.2, thickness: 10 nm) , and GaAs 
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layer 20 (thickness: 3 \im) are continuously epitaxially 
grown on a Ge substrate (seed substrate) 17 by MOCVD 
(Fig. 4A) . The AlAs layer 18 functions as a separation 
assisting layer. The InGaAs layer 19 functions as a 
5 separation layer. 

The Ge substrate 17 is bonded to an Si substrate 
21 while setting the GaAs layer 20 inside to form a 
composite member 22 (Fig. 4B) . Before bonding, a Cr 
film (thickness: 10 nm) and Au film (thickness: 200 nm) 

10 (neither are shown) are sequentially formed on each of 
the surfaces of the GaAs layer 20 and Si substrate 21 . 
When the Au films on the surfaces are brought into 
tight contact with each other and heated under 
pressure, the composite member 22 having a sufficient 

15 bonding strength can be obtained. 

Next, the composite member 22 is dipped in an SPM 
solution (etching solution) to partially remove the 
GaAs layer 20 and InGaAs layer 19 to expose the side 
surface of the AlAs layer 18 at the periphery of the 

20 composite member 22. The periphery of the AlAs layer 
18 is selectively removed by etching using an FPM 
solution (etching solution) to form a recessed portion 
23 at the periphery of the composite member 22. The 
recessed portion 23 can function to guide a fluid 

25 injected for separation to the AlAs layer 18 or its 

interface and concentrate the force for separation to 
the AlAs layer 18 or its interface. Etching of AlAs 
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progresses at a speed much higher than GaAs and InGaAs. 
In addition, the oxide of AlAs oxidized by water is 
water-soluble* For these reasons, during separation by 
a water Jet W, a region where the AlAs layer 18 at the 
5 periphery of the composite member 22 is selectively 
etched is formed. Furthermore, a dissolving function 
in pure water of the water jet W can also be expected. 

The so-called water jet W to blow pure water 
pressurized to several MPa to 100 MPa from a thin 

10 nozzle with a diameter of 0.1 mm is blown to or near 
the recessed portion 23 of the composite member 22. 
Since the force (force to separate portions split into 
two substrates) of the water jet W to split the 
composite member 22 into two substrates concentrates to 

15 the recessed portion 23, the composite member 22 is 
split into two substrates as the accumulated strain 
energy is released (Fig. 4C). 

With the above process, a semiconductor substrate 
24 which has, on the Si substrate 21, the GaAs layer 20 

20 on the metal layers (not shown) made of Au and Cu can 
be obtained. 

In this example, a pair of separation layer and 
separation assisting layer is formed. For example, a 
plurality of pairs of separation layers and separation 
25 assisting layers may be formed. Layers each containing 
different In compositions may be formed as the 
separation layer and separation assisting layer. 
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The composition of the separation assisting layer 
is preferably determined such that it contains a larger 
amount of Al than the upper and lower layers in contact 
with it. The separation assisting layer is preferably 
5 made of a material represented by, e.g., AlGa^As (x > 
0.95) in addition to AlAs. 
[Example 4] 

In this example, the separation layer has a 
layered structure including layers having lattice 

10 constants larger and smaller than the substrate. 

An inGaP layer (thickness: 5 nm) having a lattice 
constant smaller than Ge and an In composition of 0.28, 
an InGaAs layer (thickness: 5 nra) having a lattice 
constant larger than Ge and an In composition of 0.2, 

15 and a GaAs layer (thickness: 3 \xm) are continuously 
epitaxially grown on a Ge substrate by MOCVD. 

With this structure, a large strain energy is 
intensively present in the interface between the InGaP 
layer and the InGaAs layer. The lattice constants are 

20 averaged in the entire separation layer having the 

layered structure of the InGaP layer and InGaAs layer. 
For this reason, the lattice constant differences at 
the interfaces between the Ge substrate and the InGaP 
layer and between the InGaAs layer and the GaAs layer 

25 are relaxed. Hence, a GaAs layer having satisfactory 
crystallinity can be obtained. 

Then, an Si substrate is bonded to the Ge 
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substrate* and separation is executed, as in Example 3. 
[Example 5] 

As shown in Figs. 5A to 5C f a separation 
assisting layer including an AlAs layer 26 and a 
5 separation layer including an InGaAs layer 27 are 

formed on a Ge substrate 25. An n-type GaAs layer 28 , 
n-type Al x Ga l x As layer 29, n-type AlGa^As layer 30, 
n-type Al x Ga lx As layer 31, and n-type GaAs layer 32 (y < 
x) are sequentially epitaxially grown on the surface of 
10 the resultant structure (Fig. 5A) . 

The impurity concentration and thickness of each 
epitaxial growth layer depends on the design of the 
device. Typical structures are as follows. 
' n-type GaAs layer 28: 0.05 to 0.5 ^m? Si doping 

15 n-type A1 Q 35 Ga 0 w As layer 29: 1 |jm; Si doping 

n-type Al Q13 Ga 0 87 As layer 30: 0.5 jxtn; Si doping 
n-type Al 0 35 Ga 0fiS As layer 31: 1 pm; Si doping 
n-type GaAs layer 32: 0.1 to 0.5 pm; Si doping 
Si doping is executed at a carrier concentration 

1? 3 

20 of about 10 /cm . 

An n-type metal electrode layer 33 is formed on 
the n-type GaAs layer 32. An Si substrate 34 is bonded 
to the surface of the Si substrate 34 to form a 
composite member 35 (Fig. 5A) . 

25 A high-pressure stream (water jet) W focused 

thinly is blown to the side surfaces of the separation 
assisting layer including the AlAs layer 26 and the 
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separation layer including the InGaAs layer 27. Since 
the force (force to separate portions split into two 
substrates) of the water jet W to split the composite 
member 35 into two substrates is applied to both sides 
5 of the AlAs layer 18, the composite member 35 is split 
into two substrates. A surface emission type LED is 
formed on the n-type AlGa^As layer 29 (Fig. 5C). More 
specifically, an insulating layer 36 is formed on the 
entire surface by sputtering. A window is formed in 

10 the insulating layer 36 by photolithography and dry 

etching. A ZnSiO film is formed by sputtering. Then, 
thermal diffusion is executed to convert the window 
region into a p-type region 37. A p-type metal 
electrode 38 is formed on the p-type region 37. 

15 in this way, a surface emission type LED device 

can be obtained. 
[Example 6] 

An InGaAs layer and GaAs layer are epitaxially 
grown on a GaAs substrate by MOCVD. The lattice 

20 constant of the InGaAs layer becomes large as the In 
composition increases. Mismatch to the lattice 
constant of the GaAs substrate increases as the In 
composition increases. Hence, a strain energy is 
generated in the InGaAs layer. 

25 In this example, an InGaAs layer (thickness: 10 

nm) having an In composition of 0.2 and a GaAs layer 
(thickness: 3 \xm) are continuously epitaxially grown on 
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the GaAs substrate. 

The GaAs substrate is bonded to an Si substrate 
while setting the GaAs layer inside. Before bonding, a 
Cr film (thickness: 10 nm) and Au film (thickness: 200 
5 nm) are sequentially formed on each of the surfaces of 
the GaAs layer and Si substrate. When the Au films on 
the surfaces are brought into tight contact with each 
other and heated under pressure, a composite member 
having a sufficient bonding strength can be obtained. 

10 a force is applied for the side surface of the 

composite member to the InGaAs layer. More 
specifically, a so-called water Jet to blow pure water 
pressurized to several MPa to 100 MPa from a thin 
nozzle with a diameter of 0.1 mm is blown to or near 

15 the side surface of the InGaAs layer. A crack 

spreading in the planar direction is formed in the 
InGaAs layer, and/or the interface between the InGaAs 
layer and the GaAs layer, and/or the interface between 
the InGaAs layer and the GaAs substrate so that the 

20 GaAs layer can be separated from the composite member 
(GaAs substrate) . 

With this process, a semiconductor substrate 
having the GaAs layer on the metal layers of Au and Cr 
on the Si substrate is obtained. 

25 The separated GaAs substrate can be recycled. 

When a planarization process such as polishing or 
etching is executed for the surface of the separated 
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GaAs substrate as needed, the GaAs substrate can 
repeatedly be used. 

In this example, the separation layer having the 
strain energy is formed from the single InGaAs layer. 
5 The separation layer can also be formed from a 

plurality of layers having different In compositions. 

For example, an InGaAs layer has a lattice 
constant larger than a GaAs substrate. When an InGaP 
layer or InGaAsP layer is employed in place of the 
10 InGaAs layer to make the lattice constant smaller than 
the GaAs substrate, compression strain can be present 
in the layer. 

The GaAs layer and Si substrate are bonded 
through the Au films. However, the GaAs layer and Si 
15 substrate can also be bonded directly by executing 

sputter cleaning on their surfaces in a vacuum state, 
bringing them into tight contact , and applying 
pressure. 
[Example 7] 

20 In this example, a separation assisting layer is 

provided to further facilitate separation. 

An AlAs layer (thickness: 50 nm) serving as a 
separation assisting layer, InGaAs layer (thickness: 10 
nm) having an In composition of 0.2 and serving as a 

25 separation layer, and GaAs layer (thickness: 3 jm) 
serving as a semiconductor film are continuously 
epitaxially grown on a GaAs substrate by MOCVD. 
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The GaAs substrate is bonded to an Si substrate 
while setting the GaAs layer inside. Before bonding, a 
Cr film (thickness: 10 nm) and Au film (thickness: 200 
nm) are sequentially formed on each of the surfaces of 
5 the GaAs layer and Si substrate. When the Au films on 
the surfaces are brought into tight contact with each 
other and heated under pressure, a composite member 
having a sufficient bonding strength can be obtained. 

To split the composite member near the AlAs layer 

10 and InGaAs layer, the periphery of the composite member 
is etched. A recessed portion is formed at the 
periphery of the composite member by using a solution 
mixture of sulfuric acid, hydrogen peroxide, and water 
as an etching solution. Etching of AlAs progresses at 

15 a speed much higher than GaAs and InGaAs. In addition, 
the oxide of AlAs oxidized by water is water-soluble. 
For these reasons, a region where the AlAs layer at the 
periphery of the composite member is selectively etched 
is formed. 

20 A water jet to blow pure water pressurized to 

several MPa to 100 MPa from a thin nozzle with a 
diameter of 0.1 mm is blown to or near the recessed 
portion of the composite member. The AlAs layer 
exposed to pure water elutes as oxidation progresses. 

25 Since etching of the AlAs layer progresses quickly in 
addition to the force of water jet to split the 
composite member into two substrates, the composite 



WO 2006/001285 



37 



PCT/JP2005/011388 



member is split. 

With the above process, a semiconductor substrate 
which has, on the Si substrate, the GaAs layer on the 
metal layers made of Au and Cu can be obtained. 
5 In this example, a pair of separation layer and 

separation assisting layer is formed* For example, a 
plurality of pairs of separation layers and separation 
assisting layers may be formed. Layers each containing 
different In compositions may be formed as the 
10 separation layer and separation assisting layer. 
[Example 8] 

In this example, the separation layer has a 
layered structure including layers having lattice 
constants larger and smaller than the substrate. 

15 An InGaAsP layer (thickness: 5 nm) having a 

lattice constant smaller than GaAs and an In 
composition of 0.28, an InGaAs layer (thickness: 5 nm) 
having a lattice constant larger than GaAs and an In 
composition of 0.2, and a GaAs layer (thickness: 3 \m) 

20 are continuously epitaxially grown on a GaAs substrate 
by MOCVD. 

With this structure, a large strain energy is 
intensively present in the interface between the 
InGaAsP layer and the InGaAs layer. The lattice 
25 constants are averaged in the entire separation layer 
having the layered structure of the InGaAsP layer and 
InGaAs layer. For this reason, lattice constant 
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mismatch at the interfaces between the GaAs substrate 
and the InGaAsP layer and between the InGaAs layer and 
the GaAs layer is relaxed. Hence, a GaAs layer having 
satisfactory crystallinity can be obtained. 
5 Then, an Si substrate is bonded to the GaAs 

substrate, and separation is executed, as in Example 7. 
[Example 9] 

In this example, the separation layer is formed 
from a layer having a thermal expansion coefficient 

10 different from the substrate . According to this 

separation layer, lattice constant mismatch to the 
substrate and the semiconductor substrate on the 
separation layer can be made small. Hence, even when a 
thick semiconductor film is formed on the separation 

15 layer, defects can be suppressed as small as possible. 

An InGaP layer (thickness: 20 nm) having almost 
the same lattice constant as GaAs and an In composition 
of 0.51 and a GaAs layer (thickness: 3 ym) are 
continuously epitaxially grown on a GaAs substrate. 

20 The thermal expansion coefficient of the InGaP 

layer is 5.926 x lO'Vdeg. The thermal expansion 
coefficient of GaAs is 5.70 x loVdeg. The difference 
between them is about 4.2%. However, since the lattice 
constants almost equal, lattice constant mismatch at 

25 the interfaces between the GaAs substrate and the InGaP 
layer and between the InGaP layer and the GaAs layer is 
relaxed. Hence, a GaAs layer having satisfactory 
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crystallinity can be obtained - 

Then, an Si substrate is bonded to the GaAs 
substrate, and separation is executed, as in Example 7. 
[Example 10] 

5 An A1 2 0 3 substrate having a diameter of 8 inches 

is exposed to hydrogen at a high temperature of 1,000°C 
or more and cleaned and planarized. An A1N layer is 
deposited to a thickness of 20 to 100 nm at 500°C by 
MOCVD using hydrogen carrier gas, Ga and Al organic 

10 metal compounds , and NH 3 gas , . thereby forming a buffer 
layer ♦ The buffer layer has a microcrystalline grain 
boundary structure and is deposited at a. low 
temperature of about 500°C, Hence, the buffer layer 
can be deposited spatially uniform and flat as compared 

15 to a layer grown at a high temperature of about 

1,000°C. The microcrystalline grain size is ten-odd nm 
in A1N. The substrate temperature of the A1 2 0 $ 
substrate is increased to about 1,000°C. A GaN layer 
is formed on the buffer layer, A pn- Junction 

20 multilayered structure for the active layer of an LED 
is formed on the GaN layer. 

A Pd film and Au film are sequentially deposited 
on the LED multilayered structure on the A1 2 0 3 substrate 
to form a metal electrode layer. As another support 

25 substrate, an Si substrate having a diameter of 8 
inches is prepared* An Al film and Sn film are 
sequentially formed on the surface of the Si substrate 
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to form a metal electrode layer. The Al metal layer 
has a high reflectance in the UV region as compared to 
Au, as shown in Fig, 6. 

The light emission wavelength of a GaN-based 
5 device is typically in the blue, violet, and UV 
regions, and an optimum reflecting metal must be 
selected in accordance with the wavelength. Referring 
to Pigs. 5A to 5C, Al and Rh are preferable to maintain 
the reflectance in the UV region. 

10 After that, the electrode layer on the LED 

multilayered structure and the electrode layer on the 
Si substrate are brought into tight contact with each 
other. Annealing is executed at 300°C to form an alloy 
of Au/Sn at the bonding interface to fuse the electrode 

15 layers. A composite member having a considerably 

increased bonding strength at the bonding interface was 
obtained. 

The composite member is dipped in a phosphoric 
acid solution such that the A1N buffer layer to which 

20 strain and crystal defects concentrate retreats several 
ten (jun from the end face to the center, thereby forming 
a recessed portion. 

A convergent fluid of pure water which is focused 
to 0.1 mm is injected in the recessed portion at a 

25 pressure of 0.3 N while the composite member is rotated 
about an axis which passes through it almost 
perpendicularly. The A1 2 0 3 substrate can be split in 



WO 2006/001285 



41 



PCT/JP2005/011388 



the A IN layer, and/or the interface between the A1N 
layer and the GaN layer, and/or the interface between 
the A1N layer and the A1 2 0 3 substrate without damaging 
the GaN layer. As a result, the multilayered film 
5 having an LED structure formed on the A1 2 0 3 substrate is 
transferred to the Si substrate. 

The GaN layer to absorb the light emission 
wavelength of the LED is removed by chemical mechanical 
polishing (CMP). A Ti film and Al film are 
10 sequentially deposited to form an ohmic electrode. The 
ohmic electrode is patterned into a mesh shape . 

When the LED device is cut into chips, LED chips 
can be obtained. 
[Example 11] 

15 A buffer layer formed from a GaN layer having a 

microcrystalline grain boundary structure is 
hetero-epitaxially grown on an A1 2 0 3 substrate having a 
diameter of 8 inches by MOCVD, and a GaN layer is 
formed on it, as in Example 9. 

20 A ridge laser diode device layer is stacked on 

the GaN layer. A Pd film and Au film are sequentially 
deposited on the device layer to form a metal electrode 
layer. As another support substrate, an Si substrate 
having a diameter of 8 inches is prepared. A Ti film, 

25 Au film, and Sn film are sequentially formed on the 

surface of the Si substrate to form a metal electrode 
layer. 
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After that, the electrode layer on the laser 
diode device layer and the electrode layer on the Si 
substrate are brought into tight contact with each 
other. Annealing is executed at 300°C to form an alloy 
5 of Au/Sn at the bonding interface to fuse the electrode 
layers. A composite member having a considerably 
increased bonding strength at the bonding interface is 
; obtained. 

The composite member was dipped in a phosphoric 

10 acid solution such that the GaN buffer layer to which 

strain and crystal defects concentrate retreats several 
ten [an from the end face to the center, thereby forming 
a recessed portion. 

A convergent fluid of pure water which is focused 

15 to 0.1 mm is injected in the recessed portion at a 

pressure of 0.3 N while the composite member is rotated 
about an axis which passes through it almost 
perpendicularly. The A1 2 0 3 substrate can be split in 
the GaN buffer layer and/ or the interface between the 

20 GaN layer and the Al^ substrate without damaging the 
GaN layer. As a result, the multilayered film having a 
laser diode structure formed on the A1 2 0 3 substrate is 
transf erred to the Si substrate. 

Conventionally, the cleavage plane of the active 

25 layer is necessary for forming the resonator portion of 
a laser diode formed on an A1 2 0 3 substrate. However, 
the mirror end face of the resonator is hard to form 
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because of the poor cleavability of the A1 2 0 3 substrate. 

When an Si substrate having high cleavability is 
used as the support substrate of a GaN laser diode, as 
in this example, a resonator can easily be formed. In 
5 addition, since the laser is provided on the Si 

substrate which is excellent in heat dissipation, the 
power is efficiently supplied. 
[Example 12] 

A buffer layer formed from an A1N layer having a 
10 microcrystalline grain boundary structure is 

hetero-epitaxially grown on an A1 2 0 3 substrate having a 
diameter of 8 inches by MOCVD, and a GaN layer is grown 
on it. 

A device layer having a surface emitting laser 
15 (VCSEL) structure is formed on the GaN layer. A 
dielectric DBR mirror is deposited on a support 
substrate obtained by shaping Cu with excellent heat 
dissipation into 8 inches. The degree of freedom in 
material selection (refractive index) is higher in 
20 forming a dielectric DBR mirror on a support substrate 
than in forming a semiconductor DBR mirror during 
crystal growth- As a result, a high-performance 
reflecting mirror is formed, and the light emission 
efficiency of the surface emitting laser increases. 
25 After that, the two substrates are brought into 

tight contact with each other. Annealing is executed 
to form a composite member having an increased bonding 
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strength. 

A convergent fluid of pure water is injected to 
the side surface of the A1N layer of the composite 
member to split it. The multilayered film having a 
5 laser diode structure provided on the dielectric DBR 

mirror with a high reflectance is transferred to the Si 
substrate. 

Instead of the A1 2 0 3 substrate, an SiC substrate 
can also be used. 

10 As many apparently widely different embodiments 

of the present invention can be made without departing 
from the spirit and scope thereof, it is to be 
understood that the invention is not limited to the 
specific embodiments thereof except as defined in the 

15 claims. 
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